Monoclonal antibodies provide a rapid and specific means of direct detection of microorganisms in water and food samples. However, monoclonal antibodies specific for some bacteria are difficult to obtain; a good example of such a bacterium is Escherichia coli. Gnotobiotic BALB/c mice immunized with whole-cell preparations of heat-treated strains of E. coli and subjected to high-frequency antigen injection showed a significant increase in the number of specffic hybridomas produced. Fusions obtained by using regular BALB/c mice immunized by using standard immunization protocols produced nonspecific hybridomas. Twenty-one stable hybridomas that did not cross-react with Klebsiella pneumoniae ATCC 13883 or Citrobacterfreundii 1604770 were obtained from gnotobiotic mice. The bacterial strains were selected for the specificity tests because of their high cross-reactivity, which has been detected in previous fusion experiments. The method of immunization described here offers the potential of improving the production of highly specific hybridomas for bacteria which have been difficult to obtain.
Human intestinal pathogens often are present in food and water in low numbers, which makes detection difficult. Escherichia coli is the microorganism most commonly used as an indicator of the presence of pathogens because it is specific to the gastrointestinal tract of warm-blooded animals (2) . This bacterium has been extensively used as an indicator of fecal pollution even though conventional methods for identification of E. coli are time-consuming and expensive. Immunological methods provide a means of rapid identification (1, 14) , but highly specific antibodies are required. Unfortunately, such antibodies are difficult to obtain for E. coli because of the presence of common antigens among the members of the family Enterobacteriaceae (5, 8) . Specific monoclonal antibodies prepared against surface antigens of E. coli that will not cross-react with antigens of species of related genera are needed to achieve direct detection of E. coli in food and water samples.
Stahli et al. (13) described the high frequency of production of specific hybridomas against soluble antigens by modifying conventional immunization protocols. The method used a combination of high doses of antigen and more frequent injections.
The purpose of this study was to evaluate the advantages of a new immunization protocol for the production of E. coli-specific hybridomas. The alternative procedure we present combines aspects of conventional and novel immunization protocols on gnotobiotic BALB/c mice. Although several authors have reported that the immune responses of germfree animals and conventional mice to bacterial antigens are similar (10, 11) , the elimination of intestinal-flora antigens should permit production of hybridomas of improved specificity.
MATERIALS AND METHODS
Bacterial strains. E. coli 1, 4, 7, 11, 21, 26, 33, 43, 46 , 55, and 62 from the collection of Ochman and Selander (9) and provided by C. Kaspar 100 ,ul of the substrate buffer (diethanolamine, 10 ml; MgCl2 6H20, 10 mg; distilled water, 90 ml) with 1 mg of p-nitrophenyl phosphate (Sigma Chemical Co.) per ml was added to each well, and the mixture was incubated for 30 min at 37°C. Thirty microliters of a 3 N NaOH solution was added to each well to stop the reaction. The A405 was determined.
Specificity assays. Specificity of the monoclonal antibodies was tested with K. pneumoniae ATCC 13883 and C. freundii 1604770 by ELISA, as described above.
RESULTS Fusion experiments using standard BALB/c mice immunized with E. coli 1, 5, 10, 26, and 50 by using the conventional protocol described in Materials and Methods yielded 10 stable cell lines. The hybridomas were selected according to reactions with E. coli 1 and 26. The monoclonal antibodies produced by the hybridomas were assayed against several strains of E. coli and representative strains of related species. A lack of specificity of these antibodies was noted, and cross-reaction with strains of closely related genera of the family Enterobacteriaceae occurred (data not shown).
Klebsiella and Citrobacter strains demonstrated highest reactivity with the monoclonal antibodies. These genera frequently occur autochthonously in the natural aquatic environment. C. freundii 1604770 and K. pneumoniae ATCC 13883 were selected as representative for evaluation of monoclonal antibody specificity. Table 1 shows results obtained by ELISA for bacterial strains included in the study and the monoclonal antibodies prepared against E. coli.
Each datum represents an average of three measurements, from which the background reading on each microdilution plate had been subtracted. Table 2 shows results obtained by using a modification of the standard immunization protocol and gnotobiotic mice. The mice were divided into two groups and immunized with two pools of E. coli strains. Successful fusions were obtained only with spleens from the second group of gnotobiotic mice, injected with strains 7, 11, 33, 46, and 55, because of contamination. A total of 21 stable hybridomas selected for positive reaction against E. coli 7 and 11 were obtained. The monoclonal antibodies produced by the cell lines were assayed for specificity by using K. pneumoniae ATCC 13883 and C. freundii 1604770.
DISCUSSION
Specific antibodies are needed for detection of potentially pathogenic E. coli in food and water. Several investigators have produced monoclonal antibodies against selected strains of E. coli by using classical immunization protocols (6) . Success, however, has been less than complete because of cross-reacting antigens which occur among members of the Enterobacteriaceae, as well as the existence of a large number of serotypes, i.e., more than 100 (12) .
Results of the study presented here suggest that E. colispecific hybridomas can be obtained by using a novel immunization protocol on gnotobiotic animals. Specific hybridomas were obtained with gnotobiotic mice immunized with E. coli 7 and 11 even when they presented common antigenic determinants with K. pneumoniae ATCC 13883 and C. freundii 1604770. The success of the fusions depends on the presence of large number of specific cells in the spleen that translate into higher recovery of specific hybridomas. Thus, a good immunization protocol must strongly affect the generation of specific blasts. Continuous exposure to antigen, APPL. ENVIRON. MICROBIOL. accomplished by frequent injections, was found to improve recovery of specific hybridomas against soluble antigens (13) . Our protocol combined this approach with the use of gnotobiotic mice, i.e., germfree animals or animals specifically colonized with a known mixture of strains to stabilize their metabolism (National Cancer Institute). Gnotobiotic mice have been widely used in immunological studies in which normal flora can interfere. Previous investigations have shown that germfree animals present a smaller number of plasmacytic cells than do conventional animals (10). Olson and Wostmann (11) reported a significant proliferation of plasmatic cells in germfree mice following stimulation with bacterial antigens. Although germfree mice present fewer blast cells, after prolonged antigenic exposure these cells may become specific-antibody producers because of a lack of previous antigenic stimulation. Therefore, production of specific hybridomas is enhanced. The data presented here substantiate the hypothesis that the number of E. coli-specific hybridomas obtained by using the immunization protocol reported here was significantly larger than those obtained by conventional procedures. Improvement in production of specific hybridomas for E. coli should provide monoclonal antibodies for detection of this microorganism in water and food samples and thereby enhance the effectiveness of enumeration for public health purposes. 
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